


Developers the world over talk about

Programming Ruby and the Ruby language. . .

�Ruby is a wonderfully powerful and useful language, and whenever I’m working

with it, this book is at my side.�

Martin Fowler, Chief Scientist, ThoughtWorks

�If your world revolves around Java, as mine did, then you need this outstanding book

to learn all the wonderful things you’re missing. There’s just one catch: you’ll be

spoiled from then on. Indeed, after reading just a few pages of Programming Ruby,

programming in any language other than Ruby will feel like you’re pushing rope.�

Mike Clark, Author and Consultant

�Ruby is smart, elegant, and fun, and it deserves a book that’s smart, elegant, and fun.

The �rst edition of Programming Ruby was such a book; the second edition is even

better.�

James Britt, Administrator, http://ruby›doc.org

�The best reason to learn a new programming language is to learn to think differently.

The best way to learn to think the Ruby way is to read Programming Ruby. Several

years ago, with the �rst edition of this book, I did just that. Since then, I’ve had a

constant stream of enjoyable Ruby programming experiences. This is due in no

insigni�cant part to the quality of the source from which I learned the language. I’m

not the only person I’ve heard say that every language should have a book like this.�

Chad Fowler, Codirector, Ruby Central, Inc.

�The PickAxe got me started on Ruby. It is still the �rst book I turn to.�

Ryan Davis, Founder, Seattle.rb

�This book changed my life. Sounds rather clichØd, but it’s the truth. After six years

and 300,000 lines of Java code, I needed a change. That change occurred upon reading

the �rst edition of this book. With the support of a solid community and ever-growing

foundation of superb libraries, I founded a company that largely pro�ts from applying

Ruby to solve real-world problems. Ruby is ready for prime time, and this new

version of the PickAxe will show a waiting world what a gem Ruby really is.�

Rich Kilmer, President and CEO, InfoEther LLC

�The �rst edition of PickAxe has been a desk-side companion for years. The second

edition will be an eagerly awaited replacement.�

Tom Enebo, JRuby Developer

http://ruby-doc.org


�The �rst edition of Programming Ruby brought about no less than the introduction of

Ruby on a large scale outside of Japan, in the process becoming the de facto standard

published language reference and an oft-cited model of clear, effective technical

writing. The appearance of the second, expanded edition is exciting for Ruby

programmers around the world and will no doubt attract a fresh wave of newcomers to

this elegant, versatile language.�

David A. Black, Ph.D., Codirector, Ruby Central, Inc.

�Ruby is my de�nite choice for all scripting and prototyping issues, and this book will

help you to discover its usefulness as well as its beauty. Apart from that, it’s really fun

to read!�

Robert Klemme

�I bought the �rst edition of this book the day it was released and had a fantastic time

using it to learn Ruby. I eventually bought a second copy to keep at home. But Ruby

has changed since then. I’m delighted that this second edition of Programming Ruby

is available to help a new round of programmers learn about this fantastic, beautiful

language. And it’s not just good news for Ruby newbies, of course�like me, most

Ruby developers will want a copy (no, make that two) so that all of the details about

today’s Ruby will be close at hand.�

Glenn Vanderburg, Software Architect, Countrywide Financial

�Ruby is one of those great languages that takes an afternoon to start using and years

(maybe a lifetime) to master. In C, I’m always having to work around the limitations

of the language; in Ruby, I’m always discovering a neater, cleaner, more ef�cient way

to do things. Programming Ruby is the essential reference to the Ruby language. More

than just teaching you the syntax, it teaches you the spirit and the feel of the language.�

Ben Giddings

�Confucius said, �What you hear, you forget.� He also said, �What you do you

understand.� But it’s not easy to actually �do� things unless you’re using a great

language with strength in quick and clean prototyping. In my case, this language is

Ruby! Thank you!�

Michael Neumann
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Foreword to the

First Edition

Man is driven to create; I know I really love to create things. And while I’m not good

at painting, drawing, or music, I can write software.

Shortly after I was introduced to computers, I became interested in programming lan-

guages. I believed that an ideal programming language must be attainable, and I wanted

to be the designer of it. Later, after gaining some experience, I realized that this kind of

ideal, all-purpose language might be more dif�cult than I had thought. But I was still

hoping to design a language that would work for most of the jobs I did everyday. That

was my dream as a student.

Years later I talked with colleagues about scripting languages, their power and possi-

bility. As an object-oriented fan for more than �fteen years, it seemed to me that OO

programming was very suitable for scripting too. I did some research on the ’net for a

while, but the candidates I found, Perl and Python, were not exactly what I was look-

ing for. I wanted a language more powerful than Perl and more object-oriented than

Python.

Then, I remembered my old dream and decided to design my own language. At �rst I

was just toying around with it at work. But gradually it grew to be a tool good enough

to replace Perl. I named it Ruby�after the precious red stone�and released it to the

public in 1995.

Since then a lot of people have become interested in Ruby. Believe it or not, Ruby is

actually more popular than Python in Japan right now. I hope that eventually it will be

just as well received all over the world.

I believe that the purpose of life is, at least in part, to be happy. Based on this belief,

Ruby is designed to make programming not only easy but also fun. It allows you to

concentrate on the creative side of programming, with less stress. If you don’t believe

me, read this book and try Ruby. I’m sure you’ll �nd out for yourself.

I’m very thankful to the people who have joined the Ruby community; they have helped

me a lot. I almost feel like Ruby is one of my children, but in fact, it is the result of the
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combined efforts of many people. Without their help, Ruby could never have become

what it is.

I am especially thankful to the authors of this book, Dave Thomas and Andy Hunt.

Ruby has never been a well-documented language. Because I have always preferred

writing programs over writing documents, the Ruby manuals tend to be less thorough

than they should be. You had to read the source to know the exact behavior of the

language. But now Dave and Andy have done the work for you.

They became interested in a lesser-known language from the Far East. They researched

it, read thousands of lines of source code, wrote uncountable test scripts and e-mails,

clari�ed the ambiguous behavior of the language, found bugs (and even �xed some of

them), and �nally compiled this great book. Ruby is certainly well documented now!

Their work on this book has not been trivial. While they were writing it, I was modi-

fying the language itself. But we worked together on the updates, and this book is as

accurate as possible.

It is my hope that both Ruby and this book will serve to make your programming easy

and enjoyable. Have fun!

Yukihiro Matsumoto, a.k.a. �Matz�

Japan, October 2000
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Foreword to the

Second Edition

No one in 1993 would have believed that an object-oriented language created by a

Japanese amateur language designer would end up being used worldwide and that the

language would become almost as popular as Perl. It was insane. I admit that. I didn’t

believe it either.

But it happened, far exceeding my expectations. It was caused�at least in part�by

the �rst edition of this book. The famous Pragmatic Programmers chose a dynamic

language that was virtually unknown to anyone outside of Japan and wrote a good

book about it. It was just like a miracle.

That’s now history. The future starts now. We have the second edition of Programming

Ruby, which is better than the �rst one. It’s no longer a miracle. This time, the grown-

up Ruby community helped to develop the book. I just needed to sit and watch the

community working together.

I really appreciate the Pragmatic Programmers, Dave Thomas and Andy Hunt, and

other people from the community who helped with this book (guys, sorry for not nam-

ing you personally). I love the friendliness of the Ruby community. It’s the best soft-

ware community I have ever seen. I also appreciate every programmer in the world who

uses Ruby.

The stone has started rolling. It will became a great mountain and �ll the whole earth.

Yukihiro Matsumoto, a.k.a. �Matz�

Japan, August 2004
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Preface

This book is the second edition of the PickAxe, as Programming Ruby is known to

Rubyists. It is a tutorial and reference for the Ruby programming language. If you have

the �rst edition, you’ll �nd that this version is a signi�cant rewrite.

When Andy and I wrote the �rst edition, we had to explain the background and appeal

of Ruby. Among other things, we wrote �When we discovered Ruby, we realized that

we’d found what we’d been looking for. More than any other language with which we

have worked, Ruby stays out of your way. You can concentrate on solving the problem

at hand, instead of struggling with compiler and language issues. That’s how it can help

you become a better programmer: by giving you the chance to spend your time creating

solutions for your users, not for the compiler.�

That belief is even stronger today. Four years later. Ruby is still our language of choice:

I use it for client applications, I use it to run our publishing business, and I use it for all

those little programming jobs I do just to get things running smoothly.

In those four years, Ruby has progressed nicely. A large number of methods have been

added to the built-in classes and modules, and the size of the standard library (those

libraries included in the Ruby distribution) has grown tremendously. The community

now has a standard documentation system (RDoc), and RubyGems may well become

the system of choice for packaging Ruby code for distribution.

This change has been wonderful, but it left the original PickAxe looking a tad dated.

This book remedies that: like its predecessor, it is written for the very latest version of

Ruby.

Ruby Versions
This version of the PickAxe documents Ruby 1.8 (and in particular covers changes

incorporated into Ruby 1.8.2).1

1. Ruby version numbering follows the same scheme used for many other open-source projects. Releases

with even subversion numbers�1.6, 1.8, and so on�are stable, public releases. These are the releases that

are prepackaged and made available on the various Ruby Web sites. Development versions of the software
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Exactly what version of Ruby did I use to write this book? Let’s ask Ruby.

% ruby ›v

ruby 1.8.2 (2004›08›24) [powerpc›darwin7.5.0]

This illustrates an important point. Most of the code samples you see in this book

are actually executed each time I format the book. When you see some output from a

program, that output was produced by running the code and inserting the results back

into the book.

Changes in the Book
Apart from the updates to support Ruby 1.8, you’ll �nd that the book has changed

somewhat from the original edition.

In the �rst half of the book, I’ve added six new chapters. Getting Started is a more

complete introduction to getting up-and-running with Ruby than we had in the �rst

book. The second new chapter, Unit Testing, re�ects a growing emphasis on using

testing among Rubyists. Three new chapters cover tools for the Ruby programmer: irb

for experimenting with Ruby, RDoc for documenting your code, and RubyGems for

packing code for distribution. Finally, a new chapter covers duck typing, that slightly

slippery philosophy of programming that �ts in so well with the ideas behind Ruby.

That’s not all that’s new. You’ll also �nd that the chapter on threads has been extended

signi�cantly with a discussion on synchronization and that the chapter on writing Ruby

extensions has been largely rewritten. The chapter on Web programming now discusses

alternative templating systems and has a section on SOAP. The language reference

chapter has been signi�cantly extended (particularly when dealing with the new rules

for blocks, procs, breaks, and returns).

The next quarter of the book, which documents the built-in classes and modules, has

more than 250 signi�cant changes. Many of them are new methods, some are depre-

cated old methods, and some are methods with signi�cant new behavior. You’ll also

�nd a number of new modules and classes documented.

Finally, the book includes a section on the standard library. The library has grown

extensively since Ruby 1.6 and is now so big that I couldn’t document it to any level

of detail without making the book thousands of pages long. At the same time, the

Ruby Documentation project has been busy adding RDoc documentation to the library

source itself. (I explain RDoc in Chapter 16 on page 187.) This means that you will

increasingly be able to get accurate, up-to-date documentation on a library module

have odd subversion numbers, such as 1.7 and 1.9. These you’ll have to download and build for yourself, as

described on page 3.
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using the ri utility that comes with your Ruby distribution. As a consequence of all

this, I decided to change the style of the library documentation�it is now a road map

to available libraries, showing code samples and describing the overall use. I’ll leave

the lower-level details to RDoc.

Throughout the book I’ve tried to mark changes between 1.6 and 1.8 using a small

symbol in the margin,1.8 like the one here. One change I didn’t make: I decided to continue

to use the word we when talking about the authors in the body of the book. Many of the

words there come from the �rst edition, and I certainly don’t want to claim any credit

for Andy’s work on that book.

In all, this book is a signi�cant overhaul of the �rst version. I hope you �nd it useful.

Resources
Visit the Ruby Web site http://www.ruby›lang.org to see what’s new. Chat with

other Ruby users on the newsgroup or mailing lists (see Appendix C).

And I’d certainly appreciate hearing from you. Comments, suggestions, errors in the

text, and problems in the examples are all welcome. E-mail us at

rubybook@pragmaticprogrammer.com

If you tell us about errors in the book, I’ll add them to the errata list at

http://www.pragmaticprogrammer.com/titles/ruby/errata.html

You’ll �nd links to the source code for almost all the book’s example code at

http://www.pragmaticprogrammer.com/titles/ruby

Acknowledgments
For the second edition of the PickAxe, I asked on the Ruby mailing list if anyone would

consider helping review the text. I was overwhelmed with the response: almost one

hundred people volunteered. To keep it manageable, I had to restrict the list on a �rst-

come basis. Even so, my wonderful reviewers produced more than 1.5Mb of review

text. These folks picked on everything, from misplaced commas to missing methods. I

couldn’t have gotten better help. So a big �thank you� to Richard Amacker, David A.

Black, Tony Bowden, James Britt, Warren Brown, Mike Clark, Ryan Davis (thanks for

the Japanese PDF!), Guy Decoux, Friedrich Dominicus, Thomas Enebo, Chad Fowler,

Hal Fulton, Ben Giddings, Johan Holmberg, Andrew Johnson, Rich Kilmer, Robert

Klemme, Yukihiro Matsumoto, Marcel Molina Jr., Roeland Moors, Michael Neumann,
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Paul Rogers, Sean Russell, Hugh Sasse, Gavin Sinclair, Tanaka Akira, Juliet Thomas,

Glenn Vanderburg, Koen Vervloesem, and Austin Ziegler.

Chad Fowler wrote the chapter on RubyGems. In fact, he wrote it twice. The �rst time,

he was on vacation in Europe. On his way home, his Powerbook was stolen, and he lost

all his work. So, when he got back, he cheerfully sat down and did it all again. I can’t

thank him enough.

Kim Wimpsett had the unenviable job of copyediting the book. She did a tremendous

job (and in record time), which was made even more amazing by both the volume of

jargon in the book and by my inability to string together more than two words without

breaking one or more rules of grammar. Ed Giddens did a great job creating the cover,

which nicely blends the old with the new. Thanks to you both!

Finally, I’m still deeply indebted to Yukihiro �Matz� Matsumoto, the creator of Ruby.

Throughout this period of growth and change, he has remained helpful, cheery, and

dedicated to polishing this gem of a language. The friendly and open spirit of the Ruby

community is a direct re�ection of the person at its center.

Thank you all. Domo arigato gozaimasu.

Dave Thomas
THE PRAGMATIC PROGRAMMERS

http://www.pragmaticprogrammer.com
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Notation Conventions
Throughout this book, we use the following typographic notations.

Literal code examples are shown using a typewriter-like font.

class SampleCode

def run

#...

end

end

Within the text, Fred#do_something is a reference to an instance method (in this case

do_something) of class Fred, Fred.new2 is a class method, and Fred::EOF is a class

constant. The decision to use a hash character to indicate instance methods was a tough

one: it isn’t valid Ruby syntax, but we thought that it was important to differentiate

between the instance and class methods of a particular class. When you see us write

File.read, you know we’re talking about the class method read. When instead we

write File#read, we’re referring to the instance method read.

The book contains many snippets of Ruby code. Where possible, we’ve tried to show

what happens when they run. In simple cases, we show the value of expressions on the

same line as the expression. For example:

a = 1

b = 2

a + b ! 3

Here, you can see that the result of evaluating a + b is the value 3, shown to the right

of the arrow. Note that if you simply run this program, you wouldn’t see the value 3

output�you’d need to use a method such as puts to write it out.

At times, we’re also interested in the values of assignment statements, in which case

we’ll show them.

a = 1 ! 1

b = 2 ! 2

a + b ! 3

If the program produces more complex output, we show it below the program code.

3.times { puts "Hello!" }

produces:

Hello!

Hello!

Hello!

2. In some other Ruby documentation, you may see class methods written as Fred::new. This is perfectly

valid Ruby syntax; we just happen to think that Fred.new is less distracting to read.
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In some of the library documentation, we wanted to show where spaces appear in the

output. You’ll see these spaces as � � characters.

Command-line invocations are shown with literal text in a Roman font, and parameters

you supply are shown in an italic font. Optional elements are shown in large square

brackets.

ruby [ �ags ... ] [ progname ] [ arguments ... ]
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Road Map

The main text of this book has four separate parts, each with its own personality, and

each addressing different aspects of the Ruby language.

In Part I, Facets of Ruby, you’ll �nd a Ruby tutorial. It starts with some notes on getting

Ruby running on your system followed by a short chapter on some of the terminology

and concepts that are unique to Ruby. This chapter also includes enough basic syntax

so that the other chapters will make sense. The rest of the tutorial is a top-down look

at the language. There we talk about classes and objects, types, expressions, and all

the other things that make up the language. We end with chapters on unit testing and

digging yourself out when trouble strikes.

One of the great things about Ruby is how well it integrates with its environment.

Part II, Ruby in Its Setting, investigates this. Here you’ll �nd practical information on

using Ruby: using the interpreter options, using irb, documenting your Ruby code, and

packaging your Ruby gems so that others can enjoy them. You’ll also �nd tutorials on

some common Ruby tasks: using Ruby with the Web, creating GUI applications using

Tk, and using Ruby in a Microsoft Windows environment (including wonderful things

such as native API calls, COM integration, and Windows Automation). And you’ll

discover just how easy it is to extend Ruby and to embed Ruby within your own code.

Part III, Ruby Crystallized, contains more advanced material. Here you’ll �nd all the

gory details about the language, the concept of duck typing, the metaclass model,

tainting, re�ection, and marshaling. You could probably speed-read this the �rst time

through, but we think you’ll come back to it as you start to use Ruby in earnest.

The Ruby Library Reference is Part IV. It’s big. We document more than 950 methods

in more than 48 built-in classes and modules (up from 800 methods in 40 classes and

modules in the previous edition).1.8 On top of that, we now document the library modules

that are included in the standard Ruby distribution (98 of them).

So, how should you read this book? Well, depending on your level of expertise with

programming in general, and OO in particular, you may initially want to read just a few

portions of the book. Here are our recommendations.

If you’re a beginner, you may want to start with the tutorial material in Part I. Keep

the library reference close at hand as you start to write programs. Get familiar with
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the basic classes such as Array, Hash, and String. As you become more comfortable

in the environment, you may want to investigate some of the more advanced topics in

Part III.

If you’re already comfortable with Perl, Python, Java, or Smalltalk, then we suggest

reading Chapter 1 on page 2, which talks about installing and running Ruby, followed

by the introduction in Chapter 2. From there, you may want to take the slower approach

and keep going with the tutorial that follows, or you can skip ahead to the gritty details

starting in Part III, followed by the library reference in Part IV.

Experts, gurus, and �I-don’t-need-no-stinking-tutorial� types can dive straight into the

language reference in Chapter 22, which begins on page 302, skim the library reference,

then use the book as a (rather attractive) coffee coaster.

Of course, nothing is wrong with just starting at the beginning and working your way

through page by page.

And don’t forget, if you run into a problem that you can’t �gure out, help is available.

See Appendix C, beginning on page 758, for more information.
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Facets of Ruby

Prepared exclusively for Yeganefar 1



Chapter 1

Getting Started

Before we start talking about the Ruby language, it’d be useful if we helped you get

Ruby running on your computer. That way you can try sample code and experiment on

your own as you read along. We’ll also show you some different ways to run Ruby.

Installing Ruby
Quite often, you won’t even need to download Ruby. It now comes preinstalled on many

Linux distributions, and Mac OS X includes Ruby (although the version of Ruby pre-

installed on OS X is normally several minor releases behind the current Ruby version).

Try typing ruby -v at a command prompt�you may be pleasantly surprised.

If you don’t already have Ruby on your system, or if you’d like to upgrade to a newer

version, you can install it pretty simply. But �rst, you have a choice to make: go for a

binary distribution, or build Ruby from source?

Binary Distributions

A binary distribution of Ruby simply works out of the box. You install it, and it runs.

Binary distributions are prebuilt for a particular operating environment and are conve-

nient if you don’t want to mess around with building Ruby from source. The downside

of a binary distribution is that you have to take it as given: it may be a minor release

or two behind the leading edge, and it may not have the optional libraries that you

might want. If you can live with that, you’ll need to �nd a binary distribution for your

operating system and machine architecture.

For RPM-based Linux systems, you can search on http://www.rpmfind.net for a

suitable Ruby RPM. Enter ruby as a search term, and select from the listed version

numbers, architectures, and distributions. For example, ruby›1.8.2.i386 is a binary

distribution of Ruby 1.8.2 for Intel x86 architectures.
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